Introduction
Hydrazine and its salts have been used in a wide range of applications including precursors for nanoparticles [1, 2] , flame-retardants [3] , antibacterial agents [4] , reducing agents [5] , and as a precursor for batteries [6] . Additionally, it has been used in water treatment [7] , fuel cells [8] , polymer synthesis [9] , drug synthesis [10] , and in photographic applications [11] . For a more complete review on hydrazine salts and their applications see [12, 13] .
Hydrazine salts drew attention in the 1950s to the 1970s as good candidates for studies of hydrogen bonding and identification of atomic distances. Bond distances typically decrease with increasing charge [14] , and the N-N bond in hydrazine shortens from 1.46 Å [15] [18] and further shortens to ~ 1.42 Å when di-protonated, as reported for (N 2 H 6 ) SO 4 [19] and (N 2 H 6 )(H 2 PO 4 ) 2 [20] . However, for N 2 H 5 Cl and N 2 H 5 Br the N-N bond only shorten to 1.455 and 1.450 Å, respectively [21, 22] . The N-N bond shortening is also observed via infrared spectroscopy as the N-N stretch at 884 cm − 1 increases to ~ 960 cm − 1 for hydrazinium (+ 1) and to ~ 1025 cm − 1 for hydrazinium (+ 2) halides [3] . Crystal structures have been reported for N 2 H 5 X (X = F, Cl, Br), but the hydrogen atom locations were unresolved. To further investigate the bonding distances in hydrazinium salts we present a neutron diffraction study of hydrazinium iodide with resolved hydrogen atoms. 
Experimental Section Materials and Methods
Caution: Hydrazine is a strong reducing agent, highly toxic, corrosive, suspected carcinogen, and gives off flammable vapors. A (M)SDS should be consulted prior to use. All reagents were commercially available and used as received. Hydrazinium iodide was synthesized as previously reported [23] . Neutron diffraction quality crystals of hydrazinium iodide were grown by vapor diffusion of diethyl ether into a concentrated methanol solution of hydrazinium iodide in a 0 °C freezer. 
Single Crystal Neutron Diffraction
Data for N 2 H 5 I were collected on the TOPAZ single-crystal time-of-flight (TOF) Laue diffractometer at the Spallation Neutron Source, Oak Ridge National Laboratory [24] . A block-shaped hydrogenated crystal of N 2 H 5 I, with dimensions of 0.98 × 1.2 × 2.1 mm was cut from a centimeter long crystal and mounted on the tip of a MiTeGen loop using Super Glue, and transferred to the TOPAZ goniometer for data collection at 100 K. To ensure good coverage and redundancy, data were collected using 26 crystal orientations optimized with CrystalPlan software [25] for an estimated 98% coverage of symmetry-equivalent reflections of the monoclinic cell. Each crystal orientation was measured for ~ 2 h. The integrated raw Bragg intensities were obtained using the 3-D ellipsoidal Q-space integration in accordance with previously reported methods [26] . Data reduction including neutron TOF spectrum Lorentz and detector efficiency corrections was carried out with the ANVRED3 program [26] . A Gaussian numerical absorption correction was applied with μ = 0.662 + 0.5183 λ cm − 1 . The reduced data were saved in SHELX HKLF2 format in which the wavelength is recorded separately for each individual reflection, and were not merged. The initial neutron structure was refined starting from the X-ray structure, specifically the positions of the N and I atom positions. The batch scale factor for each of the 26 sample orientations was refined individually with the linear SUMP constraint to limit the sum of all scale factors to 26. The positions of H atoms of the N 2 H 5 + cation were located in difference-Fourier maps calculated using the neutron data. The crystal structure was refined anisotropic ally to convergence using the SHELXL-2014 program [27] in WinGX [28] . The crystal data and refinement details are shown in Table 1 .
Results and Discussion
The interatomic distances and dihedral angles are listed in Tables 2 and 3 . Figure 1 shows the molecular structure of the hydrazinium cation, which has a N1-N2 distance of 1.4400(8) Å, following the trend of decreasing N-N bond distances with heavier halides [12] . The hydrogen atoms in N 2 H 5 + are arranged in a staggered formation with dihedral angles ranging from 0.7 to 7.1° off from an ideal 60°/− 60°/180°.
With unresolved hydrogen atoms in the crystal structures of hydrazinium chloride and bromide, Sakurai and Tomiie [21, 22] used the N···X (X = Br, Cl) distances to distinguish between the -NH 2 and -NH 3 + groups. With (2) shorter N···X distances to N2 than N1 Sakurai & Tomiie [21, 22] determined that N2 is the -NH 3 + group. With the refined hydrogen atoms, we clearly show that in hydrazinium iodide N2 is the -NH 3 + group and, similar to chloride and bromide, the iodide has shorter N···X (X = I) distances than N1 as listed in Table 4 .
Each hydrazinium cation is surrounded by two hydrazinium cations and six iodide ions as seen in Fig. 2 . The N2-H5⋯N1 hydrogen bonding between hydrazinium cations form an infinite helical chain along the b-axis. Figure 3 shows the resolved hydrogen atoms in N 2 H 5 I.
Supporting Information
Crystallographic data for the structural analysis has been deposited with the Cambridge Crystallographic data center, CCDC No. 1530865. Copies of this information may be 
